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POLARIZATION BEAM 
SPLTTER-POLARIZATION ROTATOR 

STRUCTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
Ser. No. 1 1/222,358, filed Sep. 8, 2005. The present applica 
tion is also a continuation-in-part of U.S. Ser. No. 1 1/495, 
201, filed on Jul. 28, 2006, each of which is hereby expressly 
incorporated herein by reference in its entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

0002. Not applicable. 

BACKGROUND OF THE INVENTION 

0003. The present invention relates generally to methods 
and apparatus for separating polarization modes of an input 
optical signal, rotating the polarization modes, then recom 
bining the rotated polarization modes. 
0004 Light is a vector field that has two primary and 
orthogonal polarization states or vector directions. Generally, 
the polarization states are referred to as the S and P polariza 
tions in free space optics, or the TE (Transverse Electric) and 
TM (Transverse Magnetic) modes of optical waveguides. The 
performance of optical waveguides and optical devices is 
often sensitive to the polarization state. That is, the response 
of the device changes as the polarization State changes. This 
is particularly pronounced in integrated optical waveguides 
that are fabricated on dielectric substrates. 
0005. Many optical components are insensitive to the 
input state of polarization. In fiber optic telecommunications, 
the polarization state of an optical signal that has traveled 
down any length offiber is unknown, random, and time vary 
ing (due to perturbations in the environment). However, many 
devices remain polarization sensitive to some degree, and this 
affects ultimate performance, yield, and cost. 
0006. There are some applications where the TE and TM 
polarization states of an input optical signal need to be spa 
tially split so each can be manipulated independently, such as, 
for example, PMD (Polarization Mode Dispersion) compen 
sators, where the dispersion of the signal on the two states 
needs to be equalized. However, when an input light signal is 
split, or when a signal is rotated, there is usually error intro 
duced into the signal due to inefficiencies in the polarization 
beam splitter or in the polarization rotator. The error com 
prises inefficiently split TE and/or TM modes, or inefficiently 
rotated TE or TM modes. 
0007 An apparatus and method for substantially remov 
ing the error components of an optical signal from the primary 
orthogonal components would be desirable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a schematic of one embodiment of the 
polarization beam splitter-assisted polarization rotator of the 
present invention. 
0009 FIG. 2 is a top view of one embodiment of a polar 
ization beam splitter-assisted polarization rotator constructed 
in accordance with the present invention. 
0010 FIG. 3 is a top view of the apparatus of FIG. 1 
indicating pathways of polarization modes and error compo 
nents therein. 
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0011 FIG. 4 is a scheme showing the pathway of TM--TE 
modes and error components thereof as they pass and couple 
through the waveguide structure. 
0012 FIG. 5 is a schematic of an alternate embodiment of 
the polarization beam splitter-assisted polarization rotator of 
the present invention. 
0013 FIG. 6 is a schematic of another alternate embodi 
ment of the present invention. 
0014 FIG. 7 is a schematic view of a resist mask arrange 
ment for manufacturing the apparatus of FIG. 2. 

DETAILED DESCRIPTION OF THE INVENTION 

0015 The present invention contemplates a polarization 
beam splitter-polarization rotator-polarization beam com 
biner structure comprising a pair of polarization rotators hav 
ing a polarization beam splitter operatively connected to the 
input ends of the two polarization rotators, and a polarization 
beam combiner operatively connected to the output ends of 
the two polarization rotators, and a method of purifying a 
light signal comprising TE and TM modes. 
0016. In the system and method of the present invention, 
polarized light comprising both TE and TM modes, is split 
into separate TE and TM modes (and error components), 
rotated to enhance the homogeneity of the TE and TM modes, 
and then recombined whereby undesired polarization error 
and leakage modes are separated from the primary TE and 
TM modes to provide a primary light output which is highly 
purified in the TE and TM modes such that only second order 
error modes remain in the primary output signal. 
0017 Shown in FIG. 1 is a schematic representation of the 
present invention which is an optical structure comprising a 
polarization beam splitter having a pair of outputs, each of 
which is operatively connected to a polarization rotator, each 
rotator having an output which is operatively connected to a 
polarization beam combiner. The optical structure of FIG. 1 in 
a preferred embodiment is a monolithic structure formed 
integrally on a chip. 
0018. One embodiment of the present invention is shown 
in FIG. 2 and is designated therein by the general reference 
numeral 10 (also referred to herein as “system 10'). 
0019 System 10 is constructed of a polarization beam 
splitter 12 (also referred to herein as polarization sorter 12, or 
beam splitter 12), a polarization rotator system 14, and a 
polarization beam combiner 16 (also referred to herein as 
polarization combiner 16 or beam combiner 16). The beam 
splitter 12 is constructed of a first splitter waveguide 18 hav 
ing an input end 20 and an output end 22, and a second splitter 
waveguide 24 evanescently coupled to the first splitter 
waveguide 18 and having an input end 26 and an output end 
28. The first splitter waveguide 18 supports at least one guided 
TE polarized mode of mode ranking mode-I-TE, and at least 
one guided TM polarized mode of mode ranking mode-j-MT. 
The second splitter waveguide 24 Supports at least one of a 
guided TE polarized mode of mode ranking mode-I-TE, and 
a guided TM polarized mode of mode ranking mode-j-TM. A 
gap 30 optionally separates the first splitter waveguide 18 and 
the second splitter waveguide 24. 
0020. The polarization rotator system 14 is constructed of 
a first polarization rotator 32, referred to elsewhere herein as 
first rotator 32, and a second polarization rotator 34, referred 
to elsewhere herein as second rotator 34. First rotator 32 has 
an input end 36 and an output end 38, and the second rotator 
34 has an input end 40 and an output end 42. 
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0021. The beam combiner 16 is constructed of a first com 
biner waveguide 44 having an input end 46 and an output end 
48, and a second combiner waveguide 50 having an input end 
52 and an output end 54. A gap 56 optionally separates the 
first combiner waveguide 44 and the second combiner 
waveguide 50. 
0022 Beam splitter 12 and rotator system 14 are opera 

tively connected via a first connector waveguide system 58 
which is constructed of a first splitter connector waveguide 60 
and a second splitter connector waveguide 62. The first split 
terconnector waveguide 60 connects the output end 22 of the 
first splitter waveguide 18 to the input end 36 of the first 
rotator 32, and the second splitter connector waveguide 62 
connects the output end 28 of the second splitter waveguide 
24 to the input end 40 of the second rotator 34. 
0023 Beam combiner 16 and rotator system 14 are opera 

tively connected via a second connector waveguide system 64 
which is constructed of a first combiner connector waveguide 
66 and a second combiner connector waveguide 68. The first 
combiner connector waveguide 66 connects the output end 38 
of the first rotator 32 to the input end 46 of the first combiner 
waveguide 44, and the second combiner connector 
waveguide 68 connects the output end 42 of the second rotator 
34 to the input end 52 of the second combiner waveguide 50. 
0024. The first and second splitter waveguides 18 and 24 
cooperate to form an adiabatic region in which light having 
one of the TE and TM polarized modes substantially remains 
within the first splitter waveguide 18 and light having the 
other one of the TE and TM polarized modes substantially 
evanescently couples into the second splitter waveguide 24 
although a small portion of each of the TE and TM modes are 
not properly split and therefore comprise error components as 
discussed below for FIGS. 3 and 4. In the embodiment shown 
in FIG. 2, light having the TM mode substantially remains in 
the first splitter waveguide 18. In general, a light wave (or 
light signal) is incident upon or enters the beam splitter 12 via 
the first splitter waveguide 18 and propagates through the 
adiabatic region where the light wave exits the beam splitter 
12 into the connector waveguide system 58. As the light wave 
propagates through the adiabatic region of the beam splitter 
12, the states of polarization are substantially separated as 
described in further detail below in regard to FIGS. 3 and 4. 
0025. In a preferred embodiment, the beam splitter 12 is 
implemented as a passive rectangular optical chip as 
described in U.S. Ser. No. 1 1/495,201. However, it should be 
understood that the beam splitter 12 can be implemented with 
other shapes and configurations, such that input and output 
planes of the beam splitter 12 do not have to be flat or level 
Surfaces or opposing Surfaces of an optical chip. In addition, 
the beam splitter 12 can be implemented as an active beam 
splitter as shown in U.S. Pat. No. 7,035,491, which is 
expressly incorporated by reference herein in its entirety. 
0026. The input end 20 of the first splitter waveguide 18 is 
configured to receive light having both the TE and TM polar 
ized modes, and the output end 22 of the first splitter 
waveguide 18 is configured to provide light of substantially 
only one of the TE and TM polarized modes (TM mode in the 
embodiment of FIG. 2). The output end 28 of the second 
splitter waveguide 24 is configured to provide light of Sub 
stantially only the other one of the TE and TM polarized 
modes (TE mode in the embodiment of FIG. 2). The first 
connector waveguide system 58 comprises output 
waveguides 60 and 62 which are connected to the output ends 
22 and 28. 
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0027. The first and second splitter waveguides 18 and 24 
are separated by the gap 30 having a width 31. The width 31 
of gap 30 is small enough to allow the optical modes of the 
first and second splitter waveguides 18 and 24 to evanescently 
interact. The width 31 of the gap 30 can be uniform or non 
uniform so long as the first and second splitter waveguides 18 
and 24 are evanescently coupled. In one embodiment the 
width 31 is 200-1000 nm and preferably about 500 nm. Fur 
ther, the gap 31 can be eliminated by constructing the first and 
second splitter waveguides 18 and 24 of materials having 
different refractive indices. The gap 30 might also be elimi 
nated if the first and second splitter waveguides 18 and 24 
have different heights. 
0028. The geometry of the first and second splitter 
waveguides 18 and 24, e.g., heights, widths, and gap 30 may 
all vary along the length of the beam splitter. 
0029. Each of the first and second splitter waveguides 18 
and 24 has a core disposed within a cladding. The core is 
constructed of a high refractive index material where most of 
the optical light that enters the beam splitter 12 is confined. 
High refractive index materials from which the core is con 
structed include, but are not limited to, silicon, silicon nitride, 
silicon carbide, silicon oxynitride, silicon oxycarbide, silicon 
oxynitride-carbide, germanium-doped silica, indium phos 
phide alloys, gallium arsenide alloys, polymers, and combi 
nations thereof. The cladding is constructed from a lower 
index material Such as, but not limited to, silica, lower index 
silicon oxynitride, lower index silicon oxycarbide, lower 
index silicon oxynitride-carbide, lower index doped silica 
including germanium and or phosphorus doped silica, lower 
index polymers, and lower index alloys of indium phosphide 
or gallium arsenide, and combinations thereof. The refractive 
indexes may vary along the length 70 of the beam splitter 12 
(in the Z-direction). Examples of suitable cladding and meth 
ods for making such cladding are disclosed in U.S. Pat. No. 
6,614.977, the entire contents of which is hereby expressly 
incorporated herein by reference. The core of each of the first 
splitter waveguide 18 and the second splitter waveguide 24 
can have different refractive indexes, but typically the cores 
are similar for ease of manufacture. Waveguides Support So 
called characteristic modes, or simply “modes' (see, for 
example, Dietrich Marcuse, “Theory of dielectric optical 
waveguides”, New York, Academic 1974). Modes are Elec 
tric (TE) and Magnetic (TM) field profiles for each polariza 
tion propagated along a waveguide. A mode or set of modes 
always carries optical power in a waveguide. Each mode has 
associated with it a characteristic “effective index”, or simply 
“effective index”. The effective index of a particular mode on 
a particular waveguide can be calculated by a variety of 
methods, including numerical methods. Commercial com 
puter aided design packages are commonly available (see, for 
example, Apollo Photonics Inc., Hamilton, Ontario Canada 
(www.apollophoton.com), or C2V Inc., Enschede, the Neth 
erlands, (www.c2V.nl) for calculating modes and their propa 
gation through complicated optical circuits. 
0030 The polarization beam splitter 12 can be manufac 
tured using various techniques such as convention planar 
lightwave circuit (PLC) fabrication techniques. Conventional 
PLC fabrication techniques leverage the installed base of 
batch tools used for integrated electronic circuits (so called 
“ICs”) in order to produce well—controlled circuits in scal 
able volumes. Such techniques usually involve thin film 
deposition and etching steps. Dielectric material is deposited 
or grown on Substrates, and then optical circuits are Subse 
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quently patterned and etched into those dielectrics. (See, for 
example, “Integrated Optics, Theory and Technology', by 
Robert G. Hunsperger, Spring 4" Edition 1995, or “Optical 
Integrated Circuit', by Hiroshi Nishihar, Masamitsu Haruna, 
Toshiaki Suhara, McGraw-Hill 1989.). 
0031. The effective mode indexes of the coupled first and 
second splitter waveguides 18 and 24 are manipulated in Such 
a way so as to cause polarization sorting. The effective index 
of the splitter waveguides 18 and 24 is a function of the 
refractive index of the waveguides's core and cladding, as 
well as the waveguide's height and width (or more generally, 
its geometry if the guide is not rectangular). In conventional 
PLC fabrication technologies, especially those that utilize IC 
fabrication tools, the refractive index of a planar layer is 
uniform, and it is difficult to vary it along the length of an 
optical circuit. Varying the width of the waveguides 18 and 24 
may be accomplished in the design of a photomask that is 
used to “print” the circuit. The photomask (or photo-resistas 
it is sometimes called) delineates all of the waveguidebound 
aries and is one of the more popular methods of defining the 
optical circuit pattern. The height of the splitter waveguides 
18 and/or 24 can be changed, at least stepwise, by etching 
away part of the waveguide's original thickness in prescribed 
regions of the optical circuit or by growing layers onto 
selected portions of the waveguide. In general, the effective 
index of any mode Supported by a waveguide increases when 
either the height or the width of a waveguide increases. Fur 
ther, changing the height or width of a waveguide will affect 
the TE and TM polarizations unequally. 
0032. Returning now to the drawings, as shown in FIG. 2, 
beam splitter 12 has a length 70, first connector waveguide 
system 58 has a length 72, rotator system 14 has length 74, 
second connector waveguide system 64 has a length 76, and 
beam combiner 16 has a length 78. In one version length 70 
and length 78 may be equal and preferably are in the range 
500-750 um, although lengths 70 and 78 may not be equal, 
and may be less or more than 500-750 lum. Further, length 72 
and length 76 may be equal and preferably are in the range of 
250-500 um, although lengths 72 and 76 may not be equal and 
may be less or more than 250-500 um. Length 74 is preferably 
in the range of 1000-2000 um, but may be less or more than 
1000-2000 um. 
0033. Also as shown in FIG. 2, the input end 20 and output 
end 22 of first splitter waveguide 18 have a width 80 and a 
width 82, respectively. The input end 26 and output end 28 of 
second splitter waveguide 24 have a width 84 and a width 86, 
respectively. Similarly, the input end 46 and output end 48 of 
first combiner waveguide 44 have a width98 and a width 100, 
respectively. Further, the input end52 and output end 54 of the 
second combiner waveguide 50 have a width 102 and a width 
104, respectively. 
0034) Input end 36 and output end 38 of first rotator 32 
have a width 90 and width 94, respectively, and input end 40 
and output end 42 of second rotator 34 have a width 92 and 
width 96, respectively. 
0035. In preferred embodiments, widths 84, 86,92.94.98 
and 100 are equal or Substantially equal and are in the range 
of 1 um to 2 um, although they may be less or more than 1 Jum 
to 2 Lim, and in a preferred embodiment are 1.4-1.75 um and 
more preferably are about 1.6 um. Widths 80 and 104 are 
preferably equal or Substantially equal and preferably are in 
the range of 1 um to 2 um and more preferably are in a range 
of 1.2 um-1.4 um, and still more preferably are about 1.3 um, 
though widths 80 and 104 may be less than or greater than 1 
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um-2 um. Widths 82, 90,96, and 102 are preferably equal or 
Substantially equal and may be in a range of 0.25um to 1.25 
um and more preferably in a range of 0.5 um to 1 um, and 
more preferably are about 0.85um, though widths 82.90.96, 
and 102 may be less than or greater than 0.25um to 1.25 um. 
Further, widths 82,90,96, and 102 are less than widths 80 and 
104. 

0036. In preferred embodiments the first connector 
waveguide system 58 is integrally constructed with the beam 
splitter 12, and the second connector waveguide system 64 is 
integrally constructed with the beam combiner 16, although 
the first connector waveguide system 58 and second connec 
tor waveguide system 64 may be constructed independently 
of the beam splitter 12 and the beam combiner 16, respec 
tively. 
0037. Any polarization beam splitter known in the art may 
be used herein as beam splitter 12 as long as it functions in 
accordance with the present invention. In one embodiment, 
beam splitter 12 is the polarization sorter of U.S. Ser. No. 
1 1/495.201 which is expressly incorporated by reference 
herein in its entirety described herein. The polarization sorter 
of U.S. Ser. No. 1 1/495,201 is briefly described herein below. 
Further, any polarization rotator known in the art may be used 
herein as polarization rotator system 14 as long as it functions 
in accordance with the present invention. In one embodiment, 
the polarization rotator system 14 comprises a pair of the 
polarization converters described in U.S. Ser. No. 1 1/222, 
358, which is hereby expressly incorporated herein by refer 
ence in its entirely and which is described in more detail 
herein below. Another type of polarization rotator is a bulk 
half-wave plate Such as that constructed from polyimide or 
crystalline silicon. The polarization beam combiner 16 of the 
present invention may be any such beam combiner known in 
the art and preferably is constructed the same as the beam 
splitter 12 except it is constructed in reverse thereof such that 
first combiner waveguide 44 is the reverse of second splitter 
waveguide 24, and second combiner waveguide 50 is the 
reverse of first splitter waveguide 18. 
0038. In a preferred embodiment of the invention the beam 
splitter 12 is constructed to have a geometry Such that light 
which enters the input end 20 of the first splitter waveguide 18 
is substantially split into TM and TE modes for example, such 
that light in the TM mode is preserved in the first splitter 
waveguide 18 while light in the TE mode migrates across gap 
30 and couples into second splitter waveguide 24, as sche 
matically represented in FIG. 3 in a preferred embodiment. 
0039. Alternatively, the beam splitter 12 may be con 
structed with a geometry (not shown) Such that light which 
enters first splitter waveguide 18 is preserved in the TE mode 
while light in the TM mode migrates across gap 30 and 
couples into the second splitter waveguide 24. In Such an 
embodiment, the pathways of the various modes of light 
therein are the opposite of those shown in FIGS. 3 and 4. 
Further, the system 10 is reversible and bidirectional such that 
the outputs 22, 28.38, 42.48 and 54, can act as input ends, and 
input ends 20, 26, 36, 40, 46 and 52 can act as output ends. 
Also, in another embodiment, input end 26 can be the main 
input end rather than input end 20, wherein the output end 48 
becomes the main output, and output end 54 becomes the 
secondary output (i.e., in reference to the main and secondary 
outputs shown in FIG. 4). 
0040. The principal of function of the present invention is 
represented schematically in FIGS. 3 and 4, wherein it is 
shown how first order error components of the split or rotated 
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polarization modes are separated from the primary optical 
signal in the second combiner waveguide 50 and are seques 
tered in the first combiner waveguide 44 for disposal as the 
light passes through the system 10. 
0041. A light signal having TE and TM polarization 
modes enters the input end 20 of the beam splitter 12 of the 
system 10. AS explained above, as the light signal passes 
through the first splitter waveguide 18, the majority of the 
light in the TM mode remains therein and travels through the 
output end 22 into the first splitter connector waveguide 60 
(when present), while the majority of the light in the TE mode 
couples across the gap 30 into the second splitter waveguide 
24 and passes through the output end 28 thereof into the 
second splitter connector waveguide 62 (when present). 
However, a portion of the TE mode, designated as ATE, fails 
to couple into the second waveguide splitter 24 and is output 
through the output end 22 along with light in the TM mode, 
while a portion ATM of the light in the TM mode leaks into 
the second splitter waveguide 24 and is output through the 
output end 28 along with the light of the TE mode within the 
second splitter waveguide 24. 
0042. The light in TM and ATE (splitter error) modes 
enters the input end 36 of the first rotator 32 and the light in TE 
and ATM (splitter error) modes enters the input end 40 of the 
second rotator 34. 
0043. As the light in TM and ATE modes travels through 
the first rotator 32, the TM mode is substantially rotated to the 
TE mode, although some TM is not fully rotated and com 
prises rotator error eTM. The light in ATE mode is substan 
tially rotated to ATM, although some of the ATE mode is not 
fully rotated and comprises rotator error eATE. The light in 
the TE, eTM, ATM, and eATE modes exits the first rotator 32 
via the output end 38. 
0044 As the light in TE and ATM modes travels through 
the second rotator 34, the TE mode is substantially rotated to 
the TM mode, while a rotator error portion eTE is not fully 
rotated. The light in mode ATM is substantially rotated to 
ATE mode, while a rotator error portion eATM is not fully 
rotated. The light in the TM, eTE, ATE, and eATM modes 
exits the second rotator 34 via the output end 42. 
0045. The light from first rotator 32 comprising modes TE, 
eATE, ATM and eTM then enters the input end 46 of the first 
combiner waveguide 44 and the light from the second rotator 
34 comprising modes TM, eATM, ATE and eTE enters the 
input end 52 of the second combiner waveguide 50. 
0046. As indicated in FIGS. 3 and 4, as the light in TE, 
eTM, ATM and eATE modes passes through the first com 
biner waveguide 44, light in TE mode is substantially entirely 
coupled into the second combiner waveguide 50, while a 
minor portion ATE remains in the first combiner waveguide 
44. Similarly, light in eATE mode is substantially entirely 
coupled into second combiner waveguide 50, while a minor 
portion eATE remains in the first combiner waveguide 44. 
Eight in modes eTM and ATM substantially entirely remains 
in first combiner waveguide 44, while minor portions eATM 
and ATM, respectively, are coupled into second combiner 
waveguide 50. 
0047. Further, as lightinTM, eTE, ATE, and eATM modes 
passes through the second combiner waveguide 50, light in 
the TM mode substantially remains therein while a minor 
portion ATE couples into the first combiner waveguide 44. 
Similarly, light in the eATM mode remains substantially in 
the second combiner waveguide 50 while a minor portion 
eTE couples into the first combiner waveguide 44. Light in 
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modes eTE and ATE substantially couple into the first com 
biner waveguide 44, while minor portions eATE and ATE, 
respectively, remain in the second combiner waveguide 50. 
0048. The main output of the system 10, via the output end 
54 of the second combiner waveguide 50, comprises the TM 
and TE modes, as well as minor second order error compo 
nents ATM, ATE, eATM and eATE modes. The secondary 
output of the system 10, via the output end 48 of the first 
combiner waveguide 44 comprises first order error compo 
nents ATM, ATE, eTM and eTE, as well as error components 
eATM and eATE. The main output thus comprises the pri 
mary signal (TM and TE modes) and minor second order 
error components, while the secondary output comprises all 
of the first order error components, thereby sequestering the 
majority of the error components away from the primary TE 
and TM modes. 
0049 Any of the optical polarization beam splitter-as 
sisted structures contemplated herein can be constructed to 
incorporate other optical elements, such as polarizers, for 
example, as shown schematically in FIGS. 5 and 6. FIG. 5 
shows an optical structure similar to optical structure shown 
in FIG. 1 except having polarizers positioned between the 
polarization beam splitter and the two polarization rotators 
therein. FIG. 6 shows an optical structure similar to that of 
FIG. 5 except with additional polarizers positioned between 
the two polarization rotators and the polarization beam com 
biner. Such polarizers are well known to those of ordinary 
skill in the art. The polarizers, in FIG. 6 for example, may be 
configured to reject the error terms before and after the polar 
ization rotators, for example the ATE and ATM entering the 
rotators may be eliminated. Other optical elements which 
may be incorporated into the optical structure of the present 
invention, for example with or in substitution of the polarizers 
of FIGS. 5 and 6, as contemplated herein include, but are not 
limited to, filters, polarizers, waveguides, reflectors, couplers, 
interconnects, phase modulators, intensity modulators, fre 
quency shifters, transducers, oscillators, power splitters, and 
photodetectors. 
0050. The system 10 or any of the systems contemplated 
herein can be fabricated using any suitable technique in the 
art, Such as an etching technique as Schematically represented 
in FIG. 7. The etching process typically begins with a starting 
structure that includes a buried waveguide. The buried 
waveguide has a core material that is at least partially buried 
or disposed within a cladding material. The core material of 
the waveguide is typically constructed of a material selected 
from a group consisting of silicon, silicon nitride, silicon 
carbide, silicon oxynitride, silicon oxycarbide, silicon oxyni 
tride-carbide, germanium-doped silica, indium phosphide 
alloys, gallium arsenide alloys, polymers, and combinations 
thereof. 
0051. In a next step of the etching method, a photoresist 
layer 110 having a desired pattern is disposed on the buried 
waveguide (FIG. 7). The photoresist layer may include one or 
more openings 112 having a desired shape or pattern. 
0052. In general, the photoresist layer 110 is constructed 
of a material that prevents material beneath the photoresist 
layer 110 from being removed during the etching process. 
Thus, during etching, the exposed area resulting from the 
opening 112 in the photoresist layer 110 is removed to a 
proper depth, and the pattern of the opening 112 is transferred 
into the core. After the etching process is complete, another 
layer of cladding material is deposited over the entire struc 
ture and planarized if needed. A more detailed description of 
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etching methods for forming the splitter waveguides having 
varying heights and widths is described in a co-pending 
patent application entitled “ADIABATIC POLARIZATION 
CONVERTER'' and identified by U.S. Ser. No. 1 1/222,358, 
the content of which is hereby incorporated herein by refer 
ence. Further, the photoresist layer 110 may be configured as 
a negative photoresist. 
0053. It should be noted that the optimum polarization 
conversion is a result of both the initial etch pattern and also 
the etch depth. However, since the separating mechanism of 
the system 10 is adiabatic, it is expected that the performance 
characteristics of the system 10 fabricated utilizing the etch 
ing method discussed above will have wide latitude in both 
fabrication and design. Further, although the present system 
10 is described as adiabatic in operation, the system 10 could 
operate as a non-adiabatic system. 
0054 While the above method for fabricating the system 
10 of the present invention is described above in terms of 
fabricating one system 10, it should be apparent to those 
skilled in the art that such fabrication methods, as well as any 
other appropriate fabrication techniques currently known in 
the art or later developed, can be utilized to fabricate one or 
more of the system 10, or portions thereof, such as when one 
or more system 10 are included on a chip, or on a wafer (e.g., 
a silicon wafer) having a plurality of chips. 
0055. A system of coupled waveguides where all 
waveguides are the same thickness can be fabricated by a 
number of well-known methods. See for example, “Inte 
grated Optics, Theory and Technology”, by Robert G. Hun 
sperger, Spring 4" Edition 1995, or "Optical Integrated Cir 
cuit', by Hiroshi Nishihar, Masamitsu Fiaruna, Toshiaki 
Suhara, McGraw-Hill 1989. 
0056. From the above description, it is clear that the 
present invention is well adapted to carry out the objects and 
to attain the advantages mentioned herein as well as those 
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inherent in the invention. While presently preferred embodi 
ments of the invention have been described for purposes of 
this disclosure, it will be understood that numerous changes 
may be made which will readily suggest themselves to those 
skilled in the art and which are accomplished within the spirit 
of the invention disclosed and claimed. 

1. An optical structure, comprising: 
a polarization beam splitter comprising an input end, and 

an output end having a first output and a second output: 
a polarization rotator system comprising a first polarization 

rotator having an input end and an output end, and a 
second polarization rotator having an input end and an 
output end; and 

a polarization beam combiner comprising an input end 
having a first and second input, and an output end; and 

wherein the first output of the polarization beam splitter is 
operatively connected to the input end of the first polar 
ization rotator, and the output end of the first polarization 
rotator is operatively connected to the first input of the 
polarization beam combiner; and 

wherein the second output of the polarization beam splitter 
is operatively connected to the input end of the second 
polarization rotator, and the output end of the second 
polarization rotator is operatively connected to the Sec 
ond input of the polarization beam combiner. 

2. The optical structure of claim 1 comprising at least one 
additional optical element. 

3. The optical structure of claim 2 wherein the at least one 
additional optical element is a filter, polarizer, waveguide, 
reflector, coupler, interconnect, phase modulator, intensity 
modulator, frequency shifter transducer, oscillator, power 
splitter, resonator or photodetector. 

4-25. (canceled) 


